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ANTIFREEZE-THERMODRILLING  FOR 
CORE  THROUGH  THE  CENTRAL  PART 
OF  THE  ROSS  ICE  SHELF  G*9  CAMP), 
ANTARCTICA. 


Igor  A.  Zotikov 


INTRODUCTION 

In  0»cemb»f  1978.  core  drilling  through  more 
thjn  400  m  ol  the  Ro»»  Ice  Shell  wai  performed 
a«  part  ol  the  Ro»»  Ice  Shell  Protect  IRISP) 
About  400  m  ol  core  with  a  diameter  of  about  8 
cm  was  recovered.  irKludmg  a  core  from  the 
very  bottom  ol  the  ice  shell  This  drilling  was 
performed  using  portable  equipment  specially 
designed  by  the  Arctic  and  Antarctic  Research 
Institute  in  Leningrad  (USSR)  in  ccxsperation 
with  the  Institute  ol  Geography.  USSR  Acacf- 
emy  ol  Sciences  in  Moscow 

This  equipment  differed  appreciably  from 
other  equipment  used  lor  this  kirtd  of  ice  drilling 
The  history  ol  development  ol  this  equipment 
arsd  other  thermodrilling  equipment  in  the 
USSR  IS  not  generally  hisown  Therefore,  des¬ 
cription  and  history  ol  development  of  this 
equipment  will  help  to  explain  the  philosophy  of 
this  new  method  of  drilling  which  has  proved  so 
successful 


HISTORY  Of  THiRMOORILlINC 
IN  TNI  U.S.S.R. 

The  history  of  drilling  in  ice  shows  that  the 
drilling  is  not  as  simple  as  it  might  appear  Heat 


generated  by  mechanical  cutting  of  the  ice.  fric¬ 
tion  ol  rotating  pipe  columns  and  the  need  to 
remove  ice  chips  from  the  hole  create  many  dif¬ 
ficulties  when  conventional  rotary  drilling 
methods  are  used  Most  important  ol  these  diffi¬ 
culties  IS  the  possibility  ol  the  pipes  and  chips 
becoming  frozen  in  the  hole  In  the  USSR,  this 
problem  was  recognized  as  early  as  19S7  after  a 
SbO-m-deep  hole  had  been  drilled  through  the 
Antarctic  ice  sheet  5  km  to  the  south  ol  Mirny 
Station,  using  conventional*drilling  equipment 
The  low  melting  point  ol  ice  has  encouraged 
the  use  ol  thermal  methods  ol  drilling  holes  in 
ice  by  melting  This  kind  ol  drilling  does  riot  re¬ 
quire  the  use  ol  rotating  pipes 

The  first  and  simplest  thermodrilling  equip¬ 
ment  used  by  the  Soviet  Antarctic  Expedition 
was  made  in  Antarctica  (during  the  winter  ol 
19S8-S9)  by  V  S  Ignatov  at  Vostok  Station.  I  A 
Zotikov  at  Mirny  and  Komsomolskaya  Stations 
and  F  K  Kruchinin  at  Lazarev  Station  This  drill¬ 
ing  equipment  consisted  of  electrically  heated. 
cylindrKal.  solid  drilling  heads  (Ignatov  1960) 
Experiments  have  shown  that  this  equipment 
usually  drills  holes  in  the  Antarctic  ice  cover 
about  50  m  deep  without  any  difficulties  but 
that  drilling  stops  at  this  depth,  which  has  been 
shown  to  always  be  close  to  the  transition  be¬ 
tween  fim  artd  ice  When  drilling  through  snow 


4nd  (irn.  the  mellvtraler  created  by  thermodnll- 
ing  pastes  directly  into  the  pores  of  the  perme¬ 
able  firn  aisd  the  hole  remains  Mater-free  Belosv 
about  SO-m-depth.  this  water  cannot  permeate 
through  the  walls  of  the  hole  and  the  water  re¬ 
mains  in  the  hole  The  heat  source  of  the  thermo- 
drill  in  this  case  was  located  within  the  pool  of 
melted  water  Most  of  the  heat  was  expended  in 
warming  up  the  water  and  increasing  the  diam¬ 
eter  of  the  hole,  instead  of  being  used  on 
downward  drilling 

This  experimental  drilling  showed  that  drilling 
a  hole  downward  in  solid  ice  by  melting  is  pos¬ 
sible  by  two  methods 

1  Conxtantly  taking  all  melted  water  from 
the  hole 

2  Distributing  heat  sources  within  the  ther- 
modrilling  head  in  sue  h  a  way  that  the  meltwater 
layer  between  the  heated  walls  of  the  solid  ther- 
modrilling  head  and  the  walls  of  the  hole  is  small 
enough  to  prevent  strong  thermal  convection  of 
the  water  arnf  the  subsequently  large  heat  losses 
to  warm  the  liquid  column  above 

Thermodrilling  equipment  using  the  first 
method  (dry  hole)  was  designed  and  made  in  the 
Leningrad's  Institute  of  Mining  by  B  B  Kudri¬ 
ashov  arnf  others  (Kovotkevich  'sd  Kudriashov 
1974)  Using  this  equipment,  a  ce  hole  more 
than  900  m  deep  was  drilled  at  sstok  Station 

Equipment  using  the  secorsd  method  was  de¬ 
signed  artd  fabricated  in  the  ArctK  and  Antarctic 
Research  Institute.  Leningrad. under  contract 
with  the  Institute  of  Geography.  Moscow,  by  V 
E  Morev  (Morev  19M>)  With  this  equipment  it 
has  been  possible  to  drill  in  a  liquid-filled  hole 
without  dramatically  irnreasing  the  diameter  of 
the  hole 

To  obtain  a  core  of  the  ice  by  either  method, 
the  heated  thermodrilling  head  and  the  drilling 
column  have  used  an  annular  shaped  section 
long  ersough  to  house  the  ccKe  To  pump  melted 
water  from  the  hole  arid  to  store  it.  part  of  the 
drillirtg  column  must  include  a  pumping  device 
artd  water  container 

The  rteed  to  pump  melted  water  from  the  bot¬ 
tom  of  the  hole,  to  collect  this  water  and  the 
core,  and  to  control  the  quantity  of  the  water 
pumped  out  from  the  hole,  etc  .  has  resulted  in  a 
compiKated  and  heavy  dnlliitg  devKe  Still.  It 
has  proven  satisfactory  for  drilling  holes  m  polar 
ICC  sheets  (Ueda  artd  Garfield  1969.  Kudriashov 
et  al  1973) 

In  196S.  design  of  a  new  drill  was  initiated  that 
would  drill  holes  and  take  cores  from  mountain 


glaciers  Equipment  for  this  work  has  to  be  port¬ 
able  and  light 

T aking  into  consideration  that  many  mountain 
glaciers  are  temperate  ones  (ice  temperature  is 
at  or  close  to  the  ice  melting  temperature).  V  A 
Morev  designed  thermal  drilling  equipment 
which  did  not  require  the  removal  of  any  water 
from  the  hole,  the  drill  consisted  only  of  a  ther¬ 
mal  drilling  head,  core  container  pipe,  and  a 
core  catching  device  With  this  drill,  melted 
water  was  left  in  the  hole  This  equipment  was 
tested  on  temperate  glaciers  of  the  polar  Ural 
arnf  Pamir  Mountains  and  |3erf<Kmed  satisfac¬ 
torily 


PHILOSOPHY  OF  ANTIFREEZE 
THERMODRILIINC 

Distinct  differences  exist  between  the  thermo- 
drilling  equipment  designed  to  remove  water 
from  the  hole  and  the  equipment  without  spe¬ 
cial  devices  for  removing  water  The  drilling  col¬ 
umn  in  the  second  case  is  only  half  as  long  artd 
much  lighter  than  the  column  fitted  with  a  de¬ 
vice  to  remove  meltwater  from  the  hole  The 
cable  for  the  thermal  drill  is  much  smaller  in 
diameter  because  it  is  possible  to  use  a  single- 
conductor  armored  cable  All  these  improve¬ 
ments  make  (he  drilling  winch  and  (he  mast 
smaller,  simpler,  lighter,  artd  much  safer 

Once  the  drill  for  coring  in  glaciers  was 
developed  the  rtext  step  was  to  design  simple 
equipment  capable  of  drilling  through  cold  or 
temperate  ice  sheets  while  using  all  the  advan¬ 
tages  of  leaving  the  melt-water  within  the  hole 

It  had  been  hypothesiied  by  aitalogy  with 
core  drilling  in  temperate  glaciers  (hat  it  should 
be  possible  to  drill  holes  in  cold  ice.  leaving 
melted  water  within  the  hole  if  some  antifreeze 
liquid  could  be  added  to  this  water  such  that  the 
freezing  temperature  of  the  solution  of  anti¬ 
freeze  and  water  was  made  equal  to  the  temper¬ 
ature  of  the  glacier  ice  Experiments  conducted 
by  V  A  Morev  and  I  A  Zotikov  at  the  arctic 
drifting  ice  island.  Severny  Po/us  ("North  Pole"), 
have  proven  this  hypothesis  It  was  shown  too 
that  the  antifreeze  should  be  added  to  the  water 
at  or  close  to  the  bottom  of  the  hole  Many  anti¬ 
freeze  liquids  were  tested,  including  ethylene 
glycol.  isofNopyl  alcohol,  and  ethyl  alcohol 
Best  results  were  obtained  using  ethyl  alcohol  in 
ice  which  is  not  too  cold 

In  1972.  V  A  Morev  (Morev  1972)  designed 


and  buill  new  drilling  erruipmeni  using  this 
method  of  adding  ethyl  alcohol  to  the  bottom  of 
the  drilled  hole  each  time  the  o.-illing  column 
vsas  sent  to  the  bottom  of  the  hole  for  the  nest 
round  of  drilling  This  method  of  drilling,  in 
which  melted  water  is  left  in  the  hole  arid  pre¬ 
vented  from  freezing  by  adding  ethyl  alcohol  to 
the  water,  has  proven  to  be  a  satisfactory  one 
Using  this  technique  many  core  holes  have  been 
drilled  through  mountain,  arctic,  and  antarctic 
glaciers  The  deepest  core  hole  using  this 
method  was  drillcMi  to  a  depth  of  800  m  in  1977 
near  Novola/arevskaya  Station.  Antarctica 
(Morev  and  Kaikovsky  1979)  The  same  tech¬ 
nique  was  also  used  to  corc^drill  through  the 
whole  thickness  of  the  Ross  Ice  Shell  in  Decem¬ 
ber  1978 


THE  DRIllINC  EQUIPMENT 

The  equipment  used  for  the  drilling  through 
the  Ross  Ice  Shelf  consists  of  two  main  parts  1 )  a 
thermal-drilling  column,  and  2)  a  winch  with  a 
mast  and  cable  for  supporting  the  column 

Thefmodrilling  column 

The  thermodrilling  column  (Tig  1)  was  design 
ed  and  built  by  V  A  Morev  in  the  Arctic  and 
Antarctic  Research  Institute.  Leningrad,  under 
contract  with  the  Institute  of  Geography,  Acad 
emy  of  Sciences  of  the  USSR  Moscow  The 
main  part  of  the  body  of  the  drilling  column  de¬ 
picted  in  Figure  1  consists  of  a  cylindrical  pipe 
(1)  made  of  stainless  steel  It  supports  an  elec 
trie  ally  heated  ring  (2).  which  forms  the  lowest 
part  of  the  column  The  heated  ring  is  conrsected 
to  the  pipe  (1)  with  bolts  and  can  easily  be 
replaced  The  ring  consists  of  two  copper  cylin¬ 
ders  hermetKally  welded  together  at  the  upper 
and  lower  ernfs  of  the  ring  Between  these  cylin¬ 
ders  IS  Irxated  the  high  resistivity  wire  used  for 
healing  the  ring  Special  electrical  insulation  is 
pul  between  the  wire  and  walls  of  the  copper 
cylinders  ilectrical  power  for  healing  is  simple 
orse  conductor  is  an  insulated  wire  and  the  se¬ 
cond  conductor  consists  of  the  body  of  the  drill¬ 
ing  column,  the  armor  of  the  cable  and  the  besdy 
of  the  drilling  wirsch  An  inner  pipe  (3)  with  an 
open  lower  end  is  used  both  as  a  core  barrel  and 
as  a  conlairter  for  the  ethyl  alcohol  (antifreeze 
liquid)  It  IS  possible  to  use  the  same  pipe  for 
these  two  purposes  because  there  is  a  pistesn  (4) 
within  the  pipe  which  can  be  moved  easily  up 
artd  down 


figure  1.  Cross  section  of  sntrfreere- 
thermodrilling  tool  (1  stainless  steel  outer  pipe. 
2  electrically  heated  ring,  3.  inner  pipe  (core  con¬ 
tainer  or  ethyl  alcohol  barrell  4  piston.  5  pipe 
lor  filling  inner  pipe  with  alcohol.  6  compression 
rings.  7  holes.  8.  core  cutters.  9.  electrical  con¬ 
ductor,  10  spring-loaded  device.  11.  swivel 
device.) 
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When  the  column  is  ready  to  be  lowered  into 
the  hole  for  drilling,  the  piston  is  set  in  its  lowest 
position  The  inner  pipe  (J)  is  filled  completely 
with  the  alcohol-water  solution  that  enters 
through  a  tube  (S)  To  prevent  any  leaking  of 
alcohol  through  the  space  between  the  walls  of 
piston  aruf  the  inner  pipe,  the  piston  is  fitted  with 
compression  rings  (6)  After  the  column  is  low¬ 
ered  to  the  bottom  ot  the  hole  the  electrically 
heated  ring  (2)  starts  to  melt  into  the  ice,  produc¬ 
ing  a  core  at  the  same  time 

As  the  drilling  proceeds,  the  core  passes  up 
into  the  inner  pipe  and  pushes  the  piston  up  As 
the  piston  moves,  it  pushes  the  alcohol  out  of 
the  inner  pipe  The  only  route  for  the  alcohol  is 
by  way  of  the  holes  (7)  through  the  space  be¬ 
tween  the  outer  and  inner  pipes  and  down  to  the 
lower  part  of  the  drilling  column  to  the  bottom 
of  the  hole  When  the  piston  reaches  its  upper 
position,  the  inner  pipe  will  be  full  of  ice  core 
arnf  it  serves  as  a  core  container  This  position 
corresporsds  to  the  end  of  a  drilling  run  The  drill 
ing  column  with  the  ice  core  is  lifted  to  the  sur¬ 
face  The  core  is  taken  out  of  the  inner  pn>e  and 
a  new  charge  of  the  alcohol-water  solution  is 
pumped  into  the  inner  pipe  until  the  pressure  of 
the  alcohol  pushes  the  piston  into  its  lowest 
position  again  At  this  moment  the  inner  pip<> 
serves  as  the  alcohol  container  again  and  the 
drilling  column  is  ready  to  be  lowered  to  the  bol 
tom  of  the  hole  to  start  another  drilling  run 

In  order  to  break  off  the  ice  cores  and  to  pre¬ 
vent  the  ice  core  from  falling  out  of  the  core 
container  as  the  drilling  column  is  being  lifted  to 
the  surface,  four  core  cutters  (8)  are  Icxated  be¬ 
tween  the  lower  part  of  the  inner  pipe  ())  and  the 
drilling  ring  (21  The  upper  part  of  the  outer  pipe 
(1)  carries  a  spring-loaded  device  (10)  to  keep  the 
column  in  the  center  of  the  hole  during  drilling 

A  swivel  device  (11)  fastens  the  column  to  the 
cable  (9)  supporting  the  drilling  equipment  and 
conducts  eterfrical  power  to  the  thermodnlling 
ring 

The  drilling  column  is  relatively  small  and 
light,  the  diameter  of  the  drilling  column  used 
lot  drilling  through  the  Ross  Ice  Shelf  is  103  mm 
and  the  external  diameter  of  the  heated  drilling 
ring  IS  108  mm  The  internal  diameter  of  the  nog 
IS  00  mm.  arnf  the  length  of  the  core  container 
pipe  (3)  IS  260  cm  The  overall  length  of  the  drill¬ 
ing  column  IS  3  1b  m 

The  wifKh  and  the  mast  of  the  drilling  rig  used 
for  drilling  the  hole  through  the  Ross  Ice  Shelf 
were  designed  and  made  by  V  S  Zagorodnov  of 


the  Institute  of  Geography.  USSR  Academy  of 
Sciences.  Moscow  The  winch  was  made  from 
aluminum  alloys  The  use  of  the  one-conductor 
armor  cable  permitted  the  use  of  a  smaller  diam¬ 
eter  cable,  and  because  of  this,  the  si/e  of  the 
winch  was  also  made  smaller  The  winch  with 
bOO  m  of  cable  attached,  plus  the  mast  and  the 
drilling  column,  weighed  less  than  bOO  kg 


DRIllINC  PROCEDURE 

Part  of  the  drilling  procedure  is  already  des¬ 
cribed  above  This  included  filling  of  the  inner 
pipe  with  alcohol  solution  until  it  was  complete¬ 
ly  filled  and  the  piston  depressed  to  its  lowest 
position  This  solution  was  left  in  the  bottom  of 
th«>  hole  after  each  drilling  trip  When  calculat¬ 
ing  the  theoretical  concentration  of  the  alcohol 
in  the  alcohol-water  solution,  account  was  taken 
of  the  fact  that  at  each  horizon  the  concentra¬ 
tion  of  the  solution  at  the  bottom  of  the  ice  hole 
had  to  be  just  strong  enough  to  prevent  freezing 
of  this  solution  when  the  temperature  was  equal 
to  the  temperature  of  the  undisturbed  ice  for 
this  calculation  we  used  the  temperature-depth 
profile  as  measured  by  Clough  and  Hansen 
(1979)  Actual  concentrations,  recorded  in  Ap¬ 
pendix  A.  were  not  always  equal  to  these  calcu¬ 
lated  values  When  slush  in  the  solution  within 
the  hole  started  to  form,  the  concentration  was 
increased  When  there  were  indications  that  the 
core  and  walls  of  the  hole  had  started  to  dis¬ 
solve.  the  concentration  was  decreased  It 
should  be  mentioned  that  the  concentration  of 
alcohol  in  this  particular  (sole  was  always  kept 
higher  than  the  calculated  values  A  total  of 
about  2000  liters  of  ethyl  alcohol  was  needed  to 
drill  completely  through  the  Ross  Ice  Shelf 

It  should  be  rusted  that  the  concentration  of 
alcohol  steadily  decreased  with  depth  in  the 
hole  because  of  the  increased  ice  sheet  tempera¬ 
ture  with  increasing  depth  (Fig  2)  This  kind  of 
temperature  distribution  within  the  thickness  of 
the  ice  favors  the  use  of  alcohol  to  prevent 
freezing  of  water  in  the  hole,  because  the  den¬ 
sity  of  the  solution  increases  with  the  depth  arsd 
the  column  of  alcohol-water  solution  in  the  hole 
IS  stable  If  the  temperature  of  the  ice  decreases 
with  depth.  It  is  possible  that  the  use  of  the  alco¬ 
hol  as  an  antifreeze  will  create  some  complica¬ 
tions  because  the  density  of  the  upper  part  of 
the  solution  column  will  be  higher  than  that  of 
the  lower  part  of  the  column  It  is  reasonable  to 
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f  igurr  2  Ice  temperature  jrtd  ipecitic  iirjvity  and 
temperature  of  the  water-alcohol  iolution  <i 
function  of  drilling  depth  in  the  Ko\%  Ice  Shelf  at 
19 

Piped  vprtical  convpdion  Miihin  the  column 
under  Ihece  condition!  and  tl>p  formation  of 
cluth  within  the  hole 

The  drilling  ng  was  metalled  at  1-9  Camp.  Roee 
Ice  Shelf,  at  the  end  of  November  1978  The  rig 
Miae  located  within  a  lightweight  ehelter.  figure  } 
ehow!  thi!  rig  when  the  drilling  column,  with  a 
core,  had  luet  been  lifted  to  the  eurlace  Drilling 
began  on  1  December  The  firet  .K)  m  of  the  ice 
ehelf  were  drilled  in  two  daye  All  the  meltwater 
in  the  top  10  m  wac  allowed  to  disperse  through 
the  permeable  walU  of  the  hole  and  theoreti¬ 
cally  It  would  have  been  powible  to  drill  a  dry 
hole  without  alcohol  urtder  theve  cornfitionc 
However,  alcohol  wa*  u»ed  to  prevent  povsibie 
compiicaliony  in  fhiv  part  of  the  ice  chelf  The 
coTKentration  of  the  alcohol-water  miiture  put 
into  the  drilling  column  container  wav  about 
10%.  |utt  enough  to  keep  thiy  solution  from 
freezing  at  the  temperature  of  the  urnficturbed 
ice  Apart  from  some  alcohol-ioaked  pieces, 
practically  no  core  was  recovered  from  this  part 
of  the  hole 

Conditions  changed  below  10  m  first,  signs  of 
a  heavy  slush  formation  appeared  This  was  in¬ 
terpreted  as  indicating  the  level  at  which  the 
pcxous.  permeable  firn  transforms  into  bubbly 


ice  When  drilling  in  bubbly  impeimeablt*  ice.  all 
meltwater  is  retained  in  the  hole  This  situation 
required  the  concentration  of  the  alcohol  in  the 
water-alcohol  solution  in  the  drilling  column  to 
be  increased  to  prevent  freezing  of  this  solution 
as  It  mixed  with  freshly  melted  ice  Because  of 
this  condition,  the  concentration  of  the  alcohol 
in  the  water-alcohol  mixture  was  increased  to 
70%  (sc^  App  A)  In  spite  of  this,  the  nest  run 
alter  M)  m  brought  back  the  first  full-length 
tore  — measuring  2  57  m.  nearly  as  long  as  the 
length  of  the  core  container  Drilling  to  a  depth 
of  about  so  m  prcxc^ed  smoothly  Approxi¬ 
mately  7  S  m  of  core  was  recovered  from  eac  h 
drilling  run 

When  drilling  was  resumed  on  S  Dec  embc-i 
1978.  difficulties  were  encountered  The  diam 
etei  of  the  hole  had  decreasenf  to  nearly  the 
same  diameter  as  the  drilling  column,  making 
for  a  tight  hole  When  dropped  down  freely,  thi* 
drilling  column  descended  at  a  speed  of  about  1 
em  s  In  order  to  increase  the  diameter  of  the* 
hole,  the  concentration  of  ale  ohol  was  inc  reasc*d 
to  7S%  Drilling  stoptMHf  for  the-  night  at  a  depth 
of  70  21m  I  he  next  day  (6  December),  resump¬ 
tion  of  drilling  also  proved  difficulf  because  of 
the  presence  of  slush  that  had  formc-d  during  the 
night  I  he  c  one  entration  of  ale  ohol  had  to  bi»  de¬ 
creased  to  b2%  bc'cause  of  the  increase  of  ice 
tem|>eiature  Coring  prex  c-eded  smoothly  Drill¬ 
ing  stopfM’d  for  the  night  at  a  depth  of 
91  Hm 

At  the  beginning  of  drilling  on  7  December,  it 
was  discovered  that  the  drill  hole  contained  a 
large  amount  of  slush  When  the  drilling  column, 
filled  with  pure  alcohol,  was  dropped  freely 
down  the  hole  it  tix>k  more  than  one  and  a  halt 
hours  to  travel  from  a  depth  of  SO  m  to  the  bot¬ 
tom  of  the  hole  even  with  the  elec  trie  al  power 
turned  on  to  help  penetrate  the  slush  Much  of 
the  slush  was  found  in  the  core  c  onlainer  when  it 
was  raised  to  the  surface  As  a  precaution,  the 
concentration  of  alcohol  was  kept  at  bS%  Drill¬ 
ing  was  stopped  for  the  night  at  a  depth  of 
119  7b  m 

At  this  stage,  it  was  dec  ided  to  drill  around  the 
clock  to  avoid  problems  assexiated  with  the 
nighttime  stops  prior  to  8  December  Two  drill¬ 
ing  teams  were  fexmed  The  day  shift  was  led  by 
Yuriy  Raikovsky  (Institute  of  Geography,  Mos¬ 
cow)  arxl  included  two  more  assistants  provided 
by  RISP  The  night  shift  was  led  by  Victcx  Zagor- 
odrsov  (Institute  of  Geography,  Moscow)  and 
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figure  I  Drilling  ot  antifreeze  core  hole  jl  I  9  (1  drilling  column.  2  mast.  I  winch/ 


jUo  mrluHrtl  two  .iHditiondl  |>ro\id<*<1 

by  KISP 

DiHifultn*'  wprt"  pni  oontrrpc)  at  tb»‘  bPK'f 
ning  ot  drilling  on  fl  ()p(»*mbpf  br’Iwppn  W)  m 
and  1(N  m  but  briow  1(W  m  lb«*  drilling  column 
dpyrrndrd  morn  trpply  fhp  drilling  pro<  p«*dt^) 
nonstop  until  Optpmbpt  I  bp  <  one  pntration 
ol  aif  ohol  by  this  timp  had  bppn  stpadily  dp 
crpasing  to  about  4t)%  at  a  depth  of  4<)t)  m  At 
4<W  97  m  a  short-circuit  occurred  near  where 
the  electrical  conductor  was  connected  to  the* 
heating  ring  At  the  same  time  the  level  of  the 
alcohol  water  solution  within  the  hole  rose 
dramatically  from  bS  m  to  47  m  from  the  sur 
fac  e 

A  new  drilling  column  with  a  1  7  m  long  core 
container  was  attached  to  the  drilling  cable  and 
drilling  proceeded  carefully  On  the  nest  trip,  ice 
of  completely  different  structure  was  recovered 
This  ice  tasted  sally  and  possessed  structural 
features  typical  of  old  sea  ice  All  subsequent 
eexe  perssessed  the  same  properties,  some  core 


also  containc*d  inclusions  of  opaque  brownish 
material 

At  a  depth  of  416  04  m.  or  b  m  below  the 
upper  boundary  of  the  brine  ice.  a  special  mon¬ 
itoring  device  showed  that  the  drilling  column 
was  no  longer  lying  on  the  bottom  of  the  hole 
1  he  (  able  was  released  an  extra  2  m  but  the  drill 
ing  column  did  not  encounter  the  bottom  of  the 
hole  It  was  now  clear  that  the  drilling  column 
had  penetrated  the  bottom  of  the  Ross  Ice  Shelf 
When  the  drilling  column  was  liftc^J  to  the  sur¬ 
face,  It  containcKf  an  ice  core,  the  bottom  ol 
whic  h  c  onf raslc*d  sharply  in  struc  lure  to  those  of 
previous  cores  The  bottom  of  this  core  was  flat 
with  a  waffle-like  appearance  and  if  fotmc*d 
sharp  angles  with  the  cylindrical  side  walls  of 
the  core  This  surface  clear'y  representc^l  the 
bottom  of  the  Ross  Ice  Shell  at  |-9  (see  cover 
photograph) 

figure  4  shows  data  on  speed  of  drilling,  the 
electrical  power  supplied  and  the  daily  depth 
Icig  for  the  entire  drilling  at  1-9 
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tom  to  m  of  the  Ron  Ic^  Shelf  Jt  1-9  Verticil  data 
figure  4  Power  consumption,  drilling  speerf.  line  represents  length  of  core  sampled,  horizontal 

penetration  rate  and  daily  depth  log  for  the  entire  lines  indicate  spread  of  salinity  values  for  several 

drilling  operation  at  1-9  individual  measurements 


PIfllMINARV  Of  SCRIPTION  Of  IHf  CORf 

A  vi\ual  ttudv  o(  ?S**  itr  tores  indicalrv  th«* 
e«nlrn<e  of  a  ihrer  layer  structure  to  th«‘  Roty 
Itr  Sf>eU  at  I  I  he  liryt  layer  ly  ctmiiwyed  of 
yrnm  arid  firn  and  exterufy  to  a  depth  of  about  40 
m  Beloyy  thiy  layer  exiyfy  a  homoijeneooy  bub 
bly  ice  layer  exteryding  to  410  m  depth 

The  fc-m-thicli  bottom  layer  of  ite  hay  all  the 
featurey  of  old  yea  ice  formed  by  freezing  at  the 
bottom  of  the  ice  yhelf  It  containy  vertu  al  brine 
chanrtely  and  yome  broyyniyh  inc  luyiony  The 
yalinity  acroyy  the  vyhole  layer  ly  about  2*'m. 
yyhich  ly  many  ordery  of  magnitude  yaltier  than 
the  glacier  ice  located  directly  above  thiy  bot¬ 
tom  layer  figure  S  yhoyyy  the  core  yalinity  for 
the  bottom  10  m  meayured  at  CRRf  I  by  Dr  A  | 
Co»» 

Though  the  bour>dary  between  the  glac  lal  ar>d 
yea  ice  layery  ly  quite  yharp.  there  doey  exiyt  a 
thin  artd  yoft  tranyitional  zone  between  the  two 
layery  Thiy  tranyitional  layer,  which  ly  only  a  few 


centimetery  thick,  conyiyty  of  t>orouy  yluyhy  ice 
If  ly  hydraulically  connectinl  to  the  yea  belovy 
the  layer  of  old  yea  ice.  and  the  change  of  water 
level  in  the  hole  when  the  drilling  column  t>ene 
trated  tho  zone  ly  an  indic  ation  of  thiy  f ac  t 

The  very  bottom  layer  of  old  yea  ice  ly  com- 
tx>yc»d  of  vertical  ice  cryytaly  of  about  .1  cm  in 
length  and  S  mm  in  diameter  The  endv  of  the 
cryytaly  protrude  downward  into  the  yea  water, 
giving  riye  to  a  waffle-like  yurface  (yee  cover 
photograph)  The  yharp  endy  of  the  cryytaly  pro 
trude  about  5  mm  into  the  water 

The  ice  cryytaly  of  thiy  bottom  layer  diyplay  a 
diytinct  alignment  of  brine  platey  within  the  hori 
zontal  plane  Thiy  alignment  appeary  to  be  de¬ 
veloped  within  the  whole  of  the  lower  b-m  layer 
Such  alignment  ly  conyiytent  with  obvervafiony 
of  ytrong  azimuthal  orientationy  of  cryytal  c-axey 
made  on  arctic  yea  ice  by  Cherapanov  (1971)  and 
Weefcy  arsd  Cow  (1978)  Studiey  of  the  1-9  Camp 
ice  ccKey  are  continuing  at  yeveral  inytitutiony  in 
the  USA  and  USSR 
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